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We, Yarnall- Waring Company, a cor- 
poration organized and existing under the 
laws of the Commonwealth of Pennsylvania, 
of 102 East Mermaid Lane, Chestnut Hill, 
in the City and County of Philadelphia, 
Commonwealth of Pennsylvania, United 
States of America, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
which it is to be performed, to be particu- 
larly described in and by the following 
statement: — 

The present invention relates to differen- 
tial refraction liquid level gauges. 

A purpose of the invention is to increase 
the brightness of the indication by a differen- 
tial re-fraction liquid level gauge. 

A further purpose is to avoid the use 
of lenses between the source of light and the 
gauge which produce focusing and subse- 
quent divergence of the light, and to accom- 
plish illumination while avoiding diffusing 
or translucent screens. 
A further purpose is to obtain a series 
25 of intense parallel rays of one color by light 
passing through the liquid space and a 
series of intense parallel rays of another 
color from light passed through the vapor 
space, certain of the parallel rays of each 
30 color being directed in the same direction. 
A further purpose is to illuminate a 
plurality of windows of a liquid level gauge 
from different portions of the internal re- 
flecting surface of the same electric sealed 
beam spotlight 

A further purpose is to obtain a sparkling 
effect as condensate strikes the meniscus of 
the liquid under the intense parallel beam 
illumination. 

A further purpose in a differential re- 
fraction liquid level gauge is to provide a 
gauge body having interior gauge space con- 
nected to liquid and vapor at the bottom and 
top respectively and having aligned windows 
45 at the rear and front disposed in laterally 
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converging relation, with laterally displaced 
light filters of contrasting light transmission 
colours placed behind the rear window at a 
distance from the rear window sufficient to 
provide a light source projecting light 
through the filters to the rear window at 
angles which in the liquid space project 
light through the front window in the form 
of parallel rays of a first color, laterally dis- 
placed diverging rays of the first color, 
somewhat deflected parallel rays of a second 
color, and laterally displaced diverging rays 
of a second color, and which in the vapor 
space project light through the front window 
in the form of parallel rays of the second 
color certain of which at a distance are verti- 
cally in line with certain- of the parallel rays 
of the first color, laterally displaced diverg- 
ing rays of the second color, somewhat de- 
flected parallel rays of the first color, and 
laterally displaced diverging rays of the first 
color, and then to provide in front of the 
gauge an optical system receiving light from 
the front window and transmitting to the 
observer those parallel rays of the first color 
and of the second color which are vertically 
in line at a distance, the optical an£le of the 
optical system being too narrow to transmit 
the undesired rays. 

A further purpose is to dispose the front 75 
and back windows at an angle less than a 
right angle with respect to the lateral axis of 
the gauge body. 

A further purpose is to set one of the 
windows, preferably the front window, at a 
right angle to the axis of the gauge body. 

A further purpose is to place the color 
niters behind the rear window, a distance 
greater than 

L= d 
. tan I (n-1) 
where d = width of rear window 
I = angle of incidence 
n = refractive index of rear window 
A further purpose is to place the color 90 
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filters behind the rear window a distance 
about 10 times the width of the rear 
window. 

A further purpose is to employ a mean 
5 spacing between the interior of the front 
and rear windows which does not exceed 
2-1/2 times the mean width of the windows. 

A further purpose is to provide an angle 
between the planes of the front and rear 
10 windows which does not exceed 30 degrees, 
preferably about 20 degrees. 

Further purposes appear in the specifica- 
tion and in the claims. 

In the drawings we have chosen to illus- 
15 trate a few only of the numerous embodi- 
ments in which our invention may appear, 
selecting the forms shown from the stand- 
points of convenience in ifiustratipn, satis- 
factory operation arid clear demonstration 
20 of the principles involved. 

Figure 1 is a side elevation of the gauge 
of the invention. 

Figure 2 is a front elevation of the gauge 
of Figure 1. 
25 Figure 3 is a diagrammatic top plan view 
of one embodiment of the invention, show- 
ing light transmission from the green area, 
— that is, the light passing through the liquid 
in the gauge. 
30 Figure 3a is an enlarged fragment of 
Figure 3. 

Figure 4 is a view corresponding to Figure 
3 showing the light transmitted through the 
red area, that is, the vapor space above the 
35 liquid. 

Figure 4a is an enlarged fragment of 
Figure 4. 

Figure 5 is a view, similar to Figure 3, of 
a modified form of the gauge of the inven- 
40 tion showing the light transmitted through 
the green area, that is, through the liquid. 

Figure 6 is a view of the device of Figure 
5, the view being similar to Figure 3, and 
showing the light transmitted through the 
45 red area, that is, the vapor space above the 
level of the liquid. 

Figure 7 is an enlarged fragmentary trans- 
verse section corresponding to a section on 
the line 7 — 7 of Figure 1, illustrating the 
50 gauge construction of Figures 3 and 4. 

Figure 8 is a transverse section similar 
to Figure 7, showing the gauge construction 
of Figures 5 and 6. 

Figure 9 is a view similar to Figure 8, 
55 illustrating the same gauge construction, but 
showing the calculation of the spacing of 
the color filters to prevent interference. 

Figure 10 is a diagram of the mirror 
arrangement. 
60 Describing in illustration but not in limi- 
tation and referring to the drawings: 

Bicolor illuminators have been produced 
in the prior art 

The prior art illuminators of this type 
65 have suffered from lack of light intensity 



and lack of sharp contrast at the point of 
liquid level, which have made it impractical 
to use such gauges at considerable distance 
under circumstances of poor visibility due to 
the presence of smoke or steam, or where 70 
precise vison is required to distinguish be- 
tween the indications of a number of closely 
related gauges. 

The difficulties of the prior art have, it 
is believed, originated from the construe- 75 
tions used by which light from a spotlight 
or the like has passed through transluscent 
or diffusing color filters and then through 
a strip lens which diffuses the light. ... 

Beyond the lens the light has in the prior 80 
art devices passed through an inclined win- 
dow into an interior gauge space which is 
in effect a triangular prism. Thus in one 
area, for example, the water space, a par- 
ticular color, say red, is refracted to one side 85 
of the front window so that it does not 
leave the interior of the gauge. The other 
color, for example green, is refracted to a 
position in line with the front window and 
regardless of the position of the observer in 90 
front of the opposing window he sees only 
green in this space. In the steam space on 
the other hand, the action is just the re- 
verse. One color, for example red, is re- 
fracted into line with the front window and 95 
is seen through the window, while the other 
color, for example green, is not refracted far 
enough to leave the interior of the gauge. 

Various difficulties have occurred in the 
prior art in using devices of this kind. The 100 
intensity of illumination has been very 
limited, so that the observer at a distance 
sometimes has difficulty determining what 
the water level really is. 

The focusing effect of the strip lens used 105 
in the prior art practice causes light leaving . 
the gauge at die front window to diverge. 
This produces a condition which is un- 
favorable to maintaining adequate intensity 
of light at the position of a distant observer, no 

Tue difference in the index of refraction 
in the liquid and in the steam within the 
gauge causes the corresponding colors, for 
example green and red, to be seen at a mean 
angle which is different for the different H5 
colors. Thus the observer who may be in a 
position to see the green at full brightness is 
not in a position to see red at the full 
brightness. Or if the observer moves to a 
position where he sees the red at full bright- 120 
ness he will not be advantageously placed 
to see the green. There has been further dif- 
ficulty in the prior art due to the fact that 
because of the lens, color filters of the diffus- 
ing or transluscent type have been used. 125 
This cuts down greatly on the percentage of 
light transmitted. 

The prior art devices have depended on 
flooding a great excess of light on the rela- 
tively remote position, a comparatively small 130 
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proportion of this light actually , passing 
through the gauge because of the limited 
light transmission by the filter screens and 
the lack of concentration of the illuminating 
5 effect 

The prior art devices have also relied on 
light shutters to adjust the angles, employ- 
ing rather complicated construction in this 
respect 

10 By the present invention, the brightness of 
the indication is greatly increased. Lenses 
and diffusing or transluscent screens are 
avoided. 

The present invention produces an intense 

15 pencil of parallel rays of one color from 
light passing through the liquid space and 
of parallel rays of another color directed in 
the same direction from light passing 
through the steam space. 

20 Also by the present invention a plurality 
of windows of the liquid level gauge are 
illuminated from different portions of the in- 
ternal reflecting surface of the same electric 
sealed beam spotlight. 

25 A sparkling effect is secured as conden- 
sate strikes the meniscus of the liquid un- 
der the intense parallel beam illumination. 

In the device of the invention the gauge body 
has an interior gauge space connected to the 

30 liquid and vapor at the bottom and top re- 
spectively, and it has aligned windows at 
the rear and front disposed in laterally con- 
verging relation with laterally displaced light 
filters of contrasting light transmission colors 

35 placed behind the rear window at a distance 
sufficient to provide a light source project- 
ing light through the filters and through the 
rear window at angles which in the liquid 
space provide light through the front win- 

40 dow in the form of parallel rays of the first 
color, laterally displaced diverging rays of 
the first color and, somewhat deflected 
parallel rays of the second color and later- 
ally displaced diverging rays of a second 

45 color, and which in the vapor space project 
light through the front window in the form 
of parallel rays of the second color, some of 
which are vertically in line with the parallel 
rays of the first color, laterally displaced 

50 diverging rays of the second color some- 
what deflected parallel rays of the first 
color, and laterally displaced diverging rays 
of the first color. In front of the window 
an optical system, suitably consisting of mir- 

55 rors, receives light from the front window 
and transmits the parallel rays of the first 
color and of the second color which are 
vertically in line to the observer, the optical 
angle of the optical system being too narrow 

60 to transmit the deflected parallel rays and 
the diverging rays. 

In the system of the invention the posi- 
tion of maximum intensity of the red as ob- 
served by the viewer is the same as the posi- 

65 tion of maximum intensity of the green as 



observed by the viewer, and there is no 
diverging effect and no difference in the 
mean angles of the respective colors. 

Both colors are emitted along a common 
path and both colors are emitted as parallel 70 
rays. 

Direct transmission of light from the re- 
flecting areas of the spotlight reaches each 
of the windows of the gauge and close coup- 
ling of spotlights and color screens with 75 
the gauge is employed, giving high light 
efficiency and providing compact design. : 

It is also possible by the invention to 
eliminate light shutters and reduce the 
power of spotlights. go 

The absence of transluscent color screens 
reduces primary color diffusion which has 
occurred in the past and gives a more clear 
and more positive indication of water level. 

One of the interesting and novel effects 85 
produced in the present invention is a 
marked variation in refraction which occurs 
as boiler condensate drips down in the 
steam space and strikes the water meniscus, 
causing a momentary shimmering of the 90 
meniscus. This produces a very marked 
sparkling or shimmering effect due to the 
high intensity direct pencil of parallel rays 
rather than the diverging rays as in the prior 
art. " 95 

The gauge of the invention is a differen- 
tial refraction gauge as shown in Figures 1 
and 2, having a gauge body 20 provided 
with an interior gauge space 21 extending 
vertically and closed at the top and bottom. 100 

The interior gauge space is connected to 
the boiler below the water level by flanged 
pipe 22 at the bottom and is connected to 
the boiler above the water level and in the 
steam space by flanged pipe 23 at the top. 105 

At intervals along the length of the gauge 
body there are front windows 24 suitably 
of glass anchored by cover plates 25 
secured by bolts 26. At the rear of the gauge 
there are similar windows 27 similarly no 
mounted. The windows are suitably covered 
with mica and gasketed to the gauge body. 

The front and rear windows are suitably 
opposed to one another and in line laterally, 
although diverging as later explained. 115 

The question, of course, of whether the 
windows are individual discs or extend lon- 
gitudinally the full length of the gauge is 
immaterial to the present invention. 

Behind the rear window is mounted an 120 
illuminator housing 28 which comprises a 
metallic frame 30 which supports a series 
of vertically spaced electric sockets 31, in- 
dividually mounting and lighting internal 
reflector sealed spotlights 32 which are 125 
directed toward the rear windows of the 
gauge, each spotlight desirably lining up 
with two of the rear windows. 

In front of each spotlight in line with 
each window is placed a color filter bracket 130 
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33 which mounts in side-by-side relation a 
red transmitting filter 34 and a green trans- 
mitting filter 35. These two filters are the 
same distance from the spotlight and the 
5 same distance from the midpoint on the ad- 
joining window. 

As best seen in Figures 3, 4, 5, 6, 7, 8 
and 9, the actual angle of the front and rear 
windows with the center line extending 

10 laterally across the gauge body, while not 
narrowly limited, will suitably be between 
5 and 15 degrees with respect to the center 
line at each side, preferably about 10 de- 
grees on each side. This means that the 

15 planes of the inner faces of the gauge glasses 
meet in an angle between 10 and 30 degrees, 
preferably about 20 degrees. 

For example, in the discussion below, it 
will be assumed that the refractive index of 

20 steam is equal to that of air and is equal 
to unity. It will also be assumed that the 
refractive index of a liquid such as water 
in the gauge is equal to the index of re- 
fraction of the glass. Actually the index c; 

25 refraction of the water will change with the 
density, and where high boiler pressures are 
involved the index of refraction of the water 
will decrease and that of the steam will in- 
crease until they are equal at critical pres- 

30 sure conditions. 

It will be evident, however, that these as- 
sumptions, while making for simplicity, do 
not affect the validity of the operating 
principles, under any pressure conditions be- 

35 low critical pressure. 

Hie gauge of the invention is viewed 
ordinarily from a considerable distance by 
the use of mirrors. Thus, with the gauge 
assembly shown in Figure 10, a mirror 36 

40 extending diagonally across the front re- 
flects the image of the red and green parallel 
rays which are vertically in line down, and 
a mirror 37 suitably at eye level reflects the 
image out toward the distant observer as 

45 indicated by the arrow 38. 

In many installations the optical distance 
between the gauge and the observer is of the 
order of 100 feet or more. The range of the 
lateral angle through which the gauge is 

50 visible as limited by the lateral width of the 
mirror is of the order of 0.5 degrees. 

Under these conditions the light which 
reaches the observer is essentially a pencil 
of parallel green rays and a pencil of paral- 

55 lei red rays which are vertically in line, 
directed initially through the front windows 
of the gauge. 

The explanation of the optical principles 
can therefore be outlined in a simple manner 

50 by tracing rays of light back from the ob- 
server to the ultimate source. 

Considering first Figures 3, 3a, 4 and 4a, 
Figures 3 and 3a illustrate the optical re- 
lationship in the green area and Figures 4 

65 and 4a show the optical relationships in the 



red area. 

In Figure 3, showing the light refraction in 
the green area, light reflected from built-in 
reflector portion 40 of spotlight 32 is trans- 
mitted through green filter 35, through the 70 
rear window glass 27, through the gauge 
interior space 21 and out the front window 
glass 24. The light passing through the 
filter 35 forms a green band 41 entering the 
rear window, and by the refraction in the 75 
water space this light is emitted as a parallel 
green pencil of rays defined by limits 42 and 
43 and diverging green pencils of rays de^ 
fined by limits of rays 43 to 44 and 42 to 
49, as shown in the extreme left in Figure 3. 80 

From the portion 45 of the internal re- 
flector, light in a band passes through red 
filter 34, positioned beside green filter 35, 
forming a band of red fight 46 which enters 
the rear window 27 of the gauge, passes 85 
through the interior gauge space 21, and is 
emitted through the front window 24 in the 
form of a parallel red pencil of rays from 
47 tc 48 and diverging red pencils of rays 
in the zones from 48 to 50 and 47 to 39 re- 90 
fracted by the water. 

It will be evident that as seen close up in 
Figure 3, in the water space there is a band 
of paralled green rays from 39 to 43 which 
is unmixed with red rays from the water 95 
space, but at a more distant point, as viewed 
by the distant observer 51 and as shown in 
Figure 3a, there is a somewhat wider band 
of parallel green rays from 42 to 43 un- 
mixed with red rays and visible to the dis- 100 
tant observer 51. Since the optical angle of 
the mirror system is not wide enough to 
include any red rays from the water space, 
no red light from this, space reaches the ob- 
server 51. 105 

On the other hand, as shown in Figure 4, 
in the vapor space where the red light is 
visible to the observer, light from the re- 
flecting area 45 passes, through the red 
filter 34, forming red light band 46 which 110 
passes through the rear window 27, the in- 
terior gauge space 21 and out the front win- 
dow 24. This produces at the front window 
a parallel pencil of red rays in the zone from 
52 to 53 and diverging red rays in the zones 115 
from 53 to 54 and 52 to 59. 

The green rays in the pencil 41 are re- 
fracted in the steam space to pass therefrom 
as diverging green rays in the zones from 55 
to 56 and 57 to 58 and parallel green rays 120 
in the zone from 56 to 57. 

As seen in Figure 4, there is close up a 
zone of parallel red rays from 58 to 53 un- 
mixed with any green rays from the steam 
space, and as viewed by the distant observer 125 
51 and shown in Figure 4a there is a zone 
of parallel red rays from 52 to 53 which is 
unmixed with any green rays from the steam 
space. 

However, the zone from 42 to 43 of un- 130 
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mixed parallel green rays from the water 
space and the zone from 52 to 53 of un- 
mixed parallel red rays from the steam space 
are respectively one above the other and 
5 vertically in line so' that they are picked 
up by the narrow angle optical (mirror) 
system and seen by the observer 51 at the 
same position located at a distance. 

It will be noted that although the contrast- 

10 ing colors, which for the purpose of discus- 
sion have been referred to above as red and 
green but which can be any other suitable 
contrasting colors having a substantial dif- 
ference in wave length, tend to overlap as 

15 viewed at close range, they are sharply 
differentiated when viewed at an optical 
system of narrow angle. 

Figures 5 and 6 show a modified con- 
struction in which the front window is nor- 

20 mal to the line of sight of the observer and 
the rear window is in the same angular re- 
lation thereto as in the form of Figures 3 
and 4. This difference is indicated by show- 
ing the gauge body 20 / in the form of a trap- 

25 ezoid with front window 24' normal to the 
observer and rear window 27' at right angles. 
It will be evident that in this case the entire 
differential refractive effect takes place at 
the rear window and the analysis can be 

30 greatly simplified. In this case as shown in 
Figure 5, in the water zone or water area, 
t light from internal sealed beam reflector 

section 40 passes through green filter 35 to 
form pencil of green rays 41 which passes 

35 through rear window 27', through the gauge 
interior space 21 and through front window 
24' in the form of parallel green rays extend- 
ing in the zone from 60 to 61 and diverg- 
ing green rays in the zones from 61 to 63 

40 and 60 to 62. In this same area, a pencil of 
red rays 46 passes through rear window 27', 
interior gauge space 21 and out front win- 
dow 24', in the form of parallel red rays 
in the zone from 64 to 65 and diverging red 

45 rays in the zones from 65 to 67 and 64 to 
66. 

Thus as viewed close up there is a zone 
of parallel green rays from 66 to 60 emitted 
by the water space which is unmixed with 

50 red rays, but as viewed by the distant ob- 
server these parallel green rays unmixed by 
red rays extend throughout the zone from 60 
to 61, and anywhere from this zone the nar- 
row angular optical (mirror) system picks 

55 up only green rays from the water space. 
In the steam space or red zone as shown 
in Figure 6, a pencil of red rays 46 passes 
through the rear window of the interior 
space and out the front window and is emit- 

60 ted as parallel red rays in the zone from 68 
to 69 and forms diverging red rays in the 
zones from 69 to 71 and 68 to 70. Likewise 
a pencil of green rays 41 passes through the 
rear window 27', through the interior space 

65 and out the front window 24' and is re- 



fracted to form parallel green rays in the 
zone from 72 to 73 and diverging green 
rays in the zones from 72 to 74 and 73 to 
75. 

Thus in Figure 6 there is a zone of paral- 70 
lei red rays from 69 to 74 unmixed by green 
rays emitted from the steam space as viewed 
in close up, but as seen by the distant ob- 
server there are parallel red rays unmixed 
with green rays in the zone from 68 to 69, 75 
and the narrow band optical (mirror) system 
can pick up parallel red rays unmixed by 
green rays anywhere in this zone 

Since from the standpoint of the distant 
observer the optical system picks up paral- 80 
lei green rays of the zone from 60 to 61 and 
immediately vertically above parallel red 
rays in the zone from 68 to 69, the observer 
from some distant point sees green rays 
emitted from the water space and red rays 85 
emitted from the steam space. 

The analysis will be better understood by 
reference to Figure 8, which shows the gauge 
of Figures 5 and 6 more in detail. This 
analysis traces back the rays to the source. 90 

A beam of light 76 passes through the? 
front window 24' without deviation. At the 
rear window 27' the angular inclination of 
the glass and any difference of refractive 
index between the fluid content and the 95 
glass causes a change in direction. If it is 
assumed that the difference in retractive in- 
dex between the glass and the water-filled 
space is negligible, the light path will not be 
changed until the outer face o fthe window 100 
27' is reached. At this point the beam will 
deviate in direction in accordance with the 
incidence angle and the differential index 
according to the relation 

n = sin B X05 



sin A 

where angle A is angle of incidence, angle B 
is angle of refraction. Thus angle B = sin- 1 
(nsinA). j 10 

From a practical standpoint, the light de- 
viation between the steam and water-filled 
portions of the gauge is essentially the same 
for the form of Figures 3 and 4 and the form 
of Figures 5 and 6. Although the index of 115 
refraction n is expressed as a ratio of the 
sines of the angle of incident and the angle 
of refraction of the light beam travelling 
through a plane surface, the values of the 
sines are closely proportional to the angles 120 
themselves provided the angles are relatively 
small as in the present case. Thus the re- 
sults can be expressed in simplified form in 
terms of angles. The mean departure from 
true proportionality as applied to this case 125 
is indicated by the difference in values be- 
tween the sine of 1/3 of a 20° angle and 1/3 
of the sine of 20°. The respective values 
are 0.116 and 0.113. The difference corres- 
ponds to an error which is only about 2.5 130 
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percent maximum, well within the tolerance 
of the device. 

From the above simplified relations it is 
possible to demonstrate general optical 
5 equivalency of the form of Figures 3 and 4 
and the form of Figures 5 and 6 by con- 
sidering Figure 7 and Figure 8. If a light 
beam 76 in Figure 7 strikes the front glass 
surface at incident angle A, it will be re- 
10 fracted through the gauge at refractive angle 
A 

— . If it is assumed that the water-filled 
n 

gauge has the same refractive index n as 
15 the glass, the light beam will continue in 
the same direction until it leaves the rear 
window 27. At this point the incidence angle 

A 

will be the deviation angle A f-A=2A 

20 * 
A 

. The refractive angle will be n (2A — 

n 

A ) 

25 — and the final deviation angle will be 
n 

A 

n (2A )— A=2A (n— 1). 

n 

30 Similarly in Figure 8, if the light beam 72 
strikes the window 24 at a normal angle it 
will continue without deviation until it is 
emitted at the rear glass. If the included 
angle between the glasses is 2A, the ind- 

55 denes angle will be 2A and the refractive 
ar^ie will also be 2A The deviation angle 
will therefore be n2A— 2A=2A (n— 1), 
which is the same as above. 

This demonstrates the equivalency be- 

40 tween the two forms within reasonable 
limits. 

Even if the refractive index of the content 
liquid varies from that of the glass, the de- 
viation angle will be determined solely by 

45 the refractive index of the liquid as long as 
the separate glass faces are parallel. The 
effect of the glass with parallel faces is 
merely to offset the beam but not to deviate 
the angje. Likewise the light path through 

50 the steam space of the gauge will only be 
offset but will not deviate appreciably until 
the index of refraction of the steam is sig- 
nificantly increased over that of air by 
increased density at higher pressures. 

55 In order to differentiate the liquid and 
vapor filled portions of the gauge by the 
characteristic light color over the full gauge 
aperture, the deviation of the respective light 
paths through the two media must be carried 

60 in back of the gauge for a minimum distance 
which is at least sufficient to eliminate light 
overlap of the respective color bands. 

Figure 9 shows that this deviation is L 
tan D = d where L is the minimnm distance 

65 between the rear window and the angular 



filter unit, D is the angle of deviation and d 
is the diameter of the window opening. 

Since angle D =1 (n — 1), where I is the 
angle of incidence, it follows that L = 

d 70 



tan I (n— 1) 

Since the index of refraction n varies with 
the gauge interior pressure and since L is 
based on minimum requirements, the value 75 
of the index of refraction n is based on the 
index of refraction of the liquid taken at 
rated operating conditions. 

Actually the liquid in high pressure 
gauges is generally somewhat sub-cooled 80 
with respect to the steam pressure, but since 
the index of refraction for steam approaches 
closer to that of water, the two factors tend 
to compensate. If the distance L is less than 
the distance required to prevent overlap of 85 
the respective beams, both beams will show 
with corresponding reduction in contrast 
effect. The angle of incidence I is largely 
eliminated by the reduction in effective 
aperture through the gauge from the point of 90 
refractive beam deviation. In the form of 
Figures 3 and 4 light deviation is initiated 
at the inner face of the front window, and 
aperture reduction becomes a function of 
gauge body port length as well as thickness 95 
of the glass making up the rear window. The 
most efficient relation for a gauge of the 
type of Figures 3 and 4 is obtained when it 
is viewed at 1/2 me deviation angle or ap- 
proximately 3° from the normal center line 100 
of a symmetrically mounted gauge. 

In the form of Figures 5 and 6 the devi- 
ation is initiated at the rear window and the 
aperture reduction is limited to the path 
extending through the rear window. This 105 
can, however, be offset by increasing the 
radius of the cover opening to exceed the 
body opening by the deviation of the rays 
from the glass normal. The rear glass angle 
for the same effect in this case is twice as 110 
large as that fcr the first case and the effects 
produced are therefore correspondingly 
greater. 

It will be appreciated that the larger angle 
I becomes the smaller effective aperture for 115 
a given size window opening. Efficient visi- 
bility therefore dictates that the incidence 
angle I be reasonably small. It is equally 
true, however, that the distance L will in- 
crease as incidence angle I decreases, and 120 
this necessitates a deeper illuminator hous- 
ing and lowering light efficiency. This is 
also objectionable from the standpoint of 
space limitation and higher cost. A good 
compromise is obtained if the incidence 125 
angle is approximately 20°. Under these 
conditions it will be found that the distance 
L should be approximately 10 times the 
aperture opening d. It will also be evident 
that if the front face of the gauge is posi- 130 



BNSDOCID: <GB. 



.6361 72A l_> 



836J72 



7 



tioned normal to the emitted light, the 
center of the illumination system is shifted 
slightly to one side, which may necessitate 
slight readjustments of the light housing for 
5 good results. While there are basic advan- 
tages in this construction, it appears more 
practical in general to equalize the angle of 
tilt between the front and rear window 
glasses with respect to the mean lateral cen- 
10 ter line of the gauge and to view the gauge 
at a slight angle equal to 1/2 the total de- 
viation angle toward the heavy side of the 
gauge. 

The distance between gauge glasses should 
15 be reduced to a practical minimum. 

The loss in aperture in a lateral direction 
can be expressed as follows: 
L = t tan D 
a 

20 where L is the loss in aperture, D is the 
a 

deviation angle and is the body thickness 
t 

of the gauge between gauge glasses. 

25 When viewed at the most effective angle 
along the lines previously discussed the ac- 
tual loss of aperture can be reduced to about 
one-half of that indicated by the deviation 
angle following passage of light through the 

30 front glass (with reference to Figure 7) or in 
terms of the initial light angle A 

L = tan r A(n — 1) ~j 



35 If the angle of incidence is 20°, n =1.3, t = 
1.5 inches, L = 1.5 tan 4.6° =0.06 inches 

a 

2 

This is equivalent to an aperture reduction 
40 of 10 percent It is undesirable therefore to 
place the glasses appreciably farther apart 
than 2 or 2 — 1/2 times the aperture dia- 
meter. In short, therefore the mean spacing 
between the glasses should not exceed 2—1/2 
45 times the diameter of the body port open- 
ing or the width of the window opening, and 
the color filter screen should be located ap- 
proximately 10 diameters behind the rear 
window having about a 20° inclined angle 
50 between front and rear window glasses. 

As already explained, the optical angle 
of pick-up by the optical system which 
transmits the image to the observer should 
not be wide enough to extend beyond the 
55 width of the band of exclusively parallel 
green rays from the green space and ex- 
clusively parallel red rays from the red 
space. 

It will be evident that in the gauge of the 
60 invention the body distance between oppos- 
ing window glasses is as small as other con- 
ditions will permit. 

Unlike devices in the prior art, no attempt 
is made to prevent transmission of light 
55 through the gauge other than that desired 



at the observation point, but only the de- 
sired light is picked up by the optical 
system. 

It will also be evident that no diffusion 
screen is used but an entirely transparent 70 
light filter is employed for each light color. 

The light employed is reflected directly 
from the parabolic surface of the internal 
reflector spotlight through a transparent 
color screen and through the gauge to the 75 
optical system to the observer. 

The color screens are positioned between 
the lamp and the gauge at a distance from 
the gauge sufficient to allow complete color 
separation. 80 

It will further be evident that according to 
the invention advantage is taken of the 
lateral extent of the mirror to exclude light 
outside the desired range and thereby per- 
mit transmission of other than the desired 85 
light through the gauge without interference 
with the indication from the gauge. 
WHAT WE CLAIM IS: — 

1. A differential re-fraction liquid level 
gauge having a gauge body provided with 90 
interior gauge space connected to liquid 
and vapor at the bottom and top respec- 
tively, and having aligned windows at the 
rear and front, in which the windows are 
disposed in laterally converging relation, 95 
laterally displaced light filters of contrast- 
ing light transmission colors are placed be- 
hind the rear window at a distance from 
the rear window sufficient to differentiate 
colors transmitted by the front window, a 100 
light source projects light through the filters 
to the rear window at angles which in the 
liquid space project light through the front 
window in the form of parallel rays of a 
first color, laterally displaced diverging rays "j05 
of the first color, parallel rays of a second 
color and laterally displaced diverging rays 
of the second color, and which in the vapor 
space projects light through the front win- 
dow in the form of parallel rays of the no 
second color, ; laterally displaced diverging 
rays of the second color, parallel rays of the 
first color and laterally displaced diverging 
rays of the first color, there being emLted by 
the liquid space a zone of pardllel rays of 115 
the first color which are free from rays of 
the second color, and there being emitted 
from the vapor space a zone of parallel rays 
of the second color which are free from 
rays of the first color, said zones being 120 
respectively vertically in line one above an- 
other, and the light in front of the front win- 
dow in line with said zones is transmitted by 
an optical system in said zones to the exclu- 
sion of the other light to the observer, the 125 
optical angle of the optical system being too 
narrow to transmit light beyond said zones. 

2. A differential re-fraction gauge ac- 
cording to claim 1, in which the front and 
back windows are both disposed at an angle 130 



BNSDOCID: <GB 8361 72A l_> 



836,172 



less than a right angle with respect to the 
axis of the gauge body. 

3. A differential re-fraction gauge ac- 
cording to any of claims 1 and 2, in which 

5 one of the windows is at a right angle to 
the axis of the gauge body. 

4. A differential re-fraction gauge ac- 
cording to any one of claims 1 to 3, in 
which the color filters are placed behind the 

]0 rear window a distance greater than 
L = d 



tan I (n— 1) 
where d = width of rear window 
15 I = angle of incidence 

n = index of refraction 

5. A differential re-fraction gauge ac- 
cording to any one of claims 1 to 4, in 
which the color filters are placed behind 

20 the rear window a distance about ten times 
the width of the rear window opening. 

6. A differential re-fraction gauge ac- 
cocrding to any one of claims 1 to 5, in 
which the mean spacing between the in- 

25 teriors of the front and rear windows does 
not exceed 2 — 1/2 times the mean width of 
the windows. 

7. A differential re-fraction gauge ac- 
cording to any one of claims 1 to 6, in which 

30 the angle between the planes of the win- 
dows does not exceed 20°. 

8. A differential re-fraction gauge of any 
one of claims 1 to 7, in which the light 
leaving the color filters is undiffused. 

35 9. A differential re-fraction gauge ac- 
cording to any one of claims 1 to 8, in which 
the light passes directly from the light source 
to the color filter and from the color filter 
to the rear windw. 

40 10. A differential re-fraction gauge ac- 
cording to any one of claims 1 to 9, in which 
the source of light is a sealed beam spot- 
light 

11. A differential re-fraction gauge ac- 
45 cording to any one of claims 1 to 10, hav- 
ing a plurality of sets of gauge windows 
one above another in which the source of 
light is a sealed beam spotlight common to 
a plurality of sets of windows. 



12. The method of indicating liquid in 50 
a space, which comprises passing converging 
light beams of a first color and of a second 
color through the spacec at the same lateral 
position above and below the liquid level, 
diffracting the light of the first color and 55 
transmitting it from the space as parallel 
rays and laterally displaced diverging rays 
where it passes through the liquid, and as 
somewhat displaced parallel rays and later- 
ally displaced diverging rays where 60 
it passes above the liquid, diffracting 
the light of the second color 
and transmitting it from the space as 
parallel rays and laterally displaced diverg- 
ing rays where it passes above the liquid, 65 
and as somewhat displaced parallel rays and 
laterally displaced diverging rays where it 
passes through the liquid, the light of the 
first color being transmitted through the 
liquid in a first zone consisting of parallel 70 
rays free from light of the second color and 
the light of the second color being trans- 
mitted through the space above the liquid in 
a second zone immediately above the first 
zone consisting of parallel rays free from 75 
light of the first color, and transmitting the 
parallel rays in said zones from both colors 
to a distant observer so that the observer 
will see an image which defines the liquid 
level. go 

13> A differential re-fraction liquid level 
gauge substantially as described herein and 
as shown in the accompanying drawings. 

14. The method of indicating liquid in 
a space substantially as described herein 85 
and as shown in the accompanying drawings. 
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